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Bn proved Complex Composidaiis, 



Field of flie Tnventioii. 

5 The present tiivention relates to impioved xadiometal complex compositions, 

radiopharmaceutical preparatiLons containing them, together with kits fear the preparation 
of the r&diophannaceiiticaI& 



Backgfoum ^ I nvention. 
10 US 5395608 disposes a range of potentially pentadentBte aza-diaminedioadme Ugands for 
the prepaxation of radiometal complex^ of a wide range of xadioisotppe^, inchtding 
«^c, ^^»Rh, ^^^d, ^Co, '*^e. ^Rn, "V "^Tii, ^Qa and ^*Ga. Bifimcdonai 
aza-disminedioxime Ug^nd? with pendant aryl spacer groiq>s ate disclosed, and. 'BxaaspU 
3 of US 5395608 describes the conqiound of Formula A: 

15 




FoimtilaA 

whm Ar ^ 4-armnobens7L 

' US 539S608 dssccibe^ the radiolabclling of such chelators in broad tscins, biH does not 
provide any specific Example oa labelling with the radiometal ^^c. 

20 

Mttiri et al [JJ^udMed-BioL, 22, 527-31(1994)] descnbe the ^c labelling of a a^a- 
diamxnedioxime analosae of Poimula A, wh»e Ax is benzyl. The ^"Tc labelling is 
earned ow at room l^mpeEdtuxe^ and die HPLC traces show only a single Speiaes. 
Conjugates of the aza-diannnedioximo wth targeting molecules aiie not desimbed. 
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WO 99/60018 disclose chelate cosgugates of aza-^iaminedioxinie ligands with peptides 
for thr(mibus itnagmg. The peptides are substrates for the enzyme traxisgl^tamiiiase (ie. 
Factor XDIa). Aprefeued such chelator cocgugate is said to be an aza-diaiaiziedioxime of 
fbnnula: 



The Present Invention, 

It has now been found that the t^dmednm metal complexation chenustry of such azar- 
10 diammedioxime-targetmg molecule chelat(>r coz^ugates can give rise to a multiplicity of 
tectmetivai specie. The present invention provides an inipioved aza^diaminedioxinie 
cozijugate technetium metal complex coxr^osition in which the less desirable tecbneiium 
species are suppressed. 

15 Thos, azftrdiaminedioxume chelator cozgngates have been fisund to fonn several 

technedmnspedes OA delation with ^c(w^ Thesemottiple 
^c metal complex ^eciea can be separated and detected by chromatography. It has been 
finmd that some of fliesemcuUipIe'^c complex species are lipophilic^ and can advexisely 
effecttfaebiodistnbationoftheradiophannaoeutical Some of die multiple tec3metium 

20 species are Idnstjc pioduct^, ie. t?csP9;de^^ species which are converted over a pedod of 
time (optionally with heating) to^ give a stable product. The rate of convexsion fiom th& 
kinetically &vouzed (transient) con^lexes tq the jSnal specie is pH d<q>e(ndant: 2-3 hours 
arc required at pH 9,5, whereas 60 mimitm is nsnally sufficient ai pH 10.5. Thereaction. 
can be accelerated by heating* The present invention provides a te^^ 

25 conq>osition in which the level of these kinetic and ]q>ophiIic species is minimised and 
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where die pqptide is a fiagment of 02-antiplasmin or casein. 
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controlled^ hence improving the overall imaging characteristics. The present invention 
also provides mefliodology fox opthnismg the conversion to the desired stable product, so 
lliat a controlled '^c campICK product composition can be prepared and qualiiy-controlled 
in a more r^id and reproducibld manner. 

5 . 

Tlie present rnvendon also provides Tadiophaxmacecticdid comprisizig the inqproy^ 
tecbneHvon complex composition^ togeftier witti non-radioaciive kit fonxralatioiis fiir iSxe 
preparation of such ladiopharmaceixticals. 

10 Detailed Deaaription of the Invention, 

In a jSirt aqpectp Uie present invention provides, a techndimn complex composition which 
comprises ametal con4>lex of the radioisotope "^c with a ligand of Foxxmila CO- 



R^^HN MH. 



OH 0" 



(D 

15 where: 

&eh IL^ aqyd 13t^ is indc^dently an R gronp; 
xis94m,99or99in; 

where: Z is a biological taxgietbog moiety of molecular wolgbt 1«b 
20 than 5,000; 

-(A)n- is a linker groiqp where each A is independently 
jCELx- > -CR=CR- , -CsC- , -CRzCQz- » -CQ2CR2 , -NRCO- , 
-CONR- , , -NRCO0)NR-, -lSiR(C-S>lvIR- , -SOiNR- , -NRSOa- . 
-CaSlgOCI^- , -C3RaSCRz- , -CBaNRCR2- , a C« 
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cycIohetcTOsIkyleiie group, a €4^ cycloalkylene gjconp, a C5.12 
aryiene group^ or a C3.12 heteroarylene group or a 
polyulMezi9££lycol, polylsctic acid or polygtycolic acid moietj^ 
n is an integer of value 0 to 10; 
5 each R group is indepsndendy H or Ci-10 alkyl, C3.10 aDqdaryl, C2-1Q 

aHawyalM, Cwo tydroxyalkyll, Ci.iofiuoioaikyl. or 2 or more R groups 
togetiber ynUx tiid atoms to wUicb they are attached fiana a caxbocyclic, 
hi^erocyclic, saturated ox unsaturated ring; 
wher^ less than 5 % of the "^c present in the teci^^ 
10 conqpxises lipophilic complexes. 

Suitable radioisotopes *rc of the present invention are therefore die positron emitter 
^^c, the beta emitter '^c, or the y-enutter ^^^c Preferably, x is 99m, ie. the 
radioisotope is preferably ^^c. 



By the temi **ligand" is meant die coiuugate of die oza-diamine dioxinoue chelator with the 
biological targetmg molecule (Z;). The ligand is designed to form a:^-diamme dioxime 
metal coznplexes of the radioisotope "^c cmgugated to the biological targeting molecule. 



20 By die term **biolo^al targeting moi^' is meant: 3-100 mer peptides or peptide 

analogues which maybe linear peptides or cyclic pqitid^ or combinations thereof; or 
^Qizyme substrates or inhibitors; synthetic receptor-binding compounds; oHgonucleotides^ 
or oligo-DNA or oli go-RNA fragments. The Mological targeting moiety may be of 
syntibedc or imtuial origin^ but is preferably synthetic* Suitable biological targeting 

25 xxioieties of the present invention have a molecular wei^t less than 5,000 Daltims, 
prrferably in the range 200 to 3000 Daltons, most ijreferably in the range 300 to 2000 
Dahons, with 400 to 1500 being espedally pie£ared. 



By the term "cyclic pqrtidc^ is meant a sequence of 5 to 15 amino acids in whidh the two 
30 tenninal amino acids axe bonded togpOier by a covaloit bond which may be a p^tide or 
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disnlpUd? bond or a synthetic iioiHpepti«fe bwid such as a thioeflifir, phosphodiester, 
disilrauoie (Mr ucediane bond. 

By the ttttm "amiflo adff' is msmt anL- or D-tsndao acid, anrino acid analogue or amino 
5 ioaA Akimeiio wMch may b© nanirainy occnniiie ogt of purely synthetic origin, and may be 
optically pure* i.e. a angte eoantiomBr and henee «*iral, or a mixture of enantiomers. 
Preferably flie amino adds of lbs present inventioa are opticsally pure. By fhe term 
"amino acid mimetic" is meant synthetic anaOogues of natoiaUy occuiring amino acids 
which are isosteres, i.e. have been designed to mimic the ateric and eleciionic structure of 
10 ftie natural eompoimd. Such isosteres are wdl loioi^ra to those skilled in die art and 
mchide but are not limited to deps^^des, reno-iovwso peptides. iMoamides, 
cydoalkanBS or l^-disubstitoled tstrazoles [see M. Goodman* Biopolymeis. 24. 137. 
(1985)1. 

15 Suitable enzgraesubaliBtes or inhiWtomhidndeg^ 

fluoiodBOxyglucose. fetty acids or dastase inhibitbra. Suitable enzyme substrates or 
inhibitors m^ybe biological targeting pejytides (as described below). 

Suitable synlhfitic reoeptoi^bhiding compounds inchido esfatidioU estrogen, progestin, 
20 progesteiom»ando1hflr8tenMdhoa3nOTes:figandstofl^ 

ordopamineliansporter such as trapanes: and Bgands for the serotonin receptor. 

Suitable Wological targeting pcgptidBS of die piweijt invention are 3^0 mer peptides Cie- 
pq>tides comprisfaig 3 to 20 amino acids), preferably 4 to IS-mar, most preferably 5 to 14^ 
25 met such fragments. The peptides may be <Q(clic or linear or oonate^ Ths 
pe|»tidBsmaybeofsynliisticor3iatHEEdoiigln.butareprefe^^ Snchp^dfis 

include: 

_ somatostatin, octreotide and analogues, 

. lamhiin ftagracirts eg. YIGSR, PDSQR, KVAV. JXB and 

30 KCQAQnFALRX3©PQG, 

- N-feimyl peptides for targeting sites of leucocyte accumulation. 
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- fiagmenls of platelet fectox 4 (PB4)w 

- R qTXfwrta witng p^tldeS. 

- peptide fitagments of oa-antiplasinin^ fibronectia or b^-casdn, fibrinogen or 
thiQinbospoiLdizi, xvMch are substrates for the enzyme transglutaminase (^wtor 

5 Xnia). The amino acid sequences of oci-antiplasminy fibron^rtnuy beta-casein, 

fifarinogea and tfarambospoiidin tssxx be found in the following ce&rences: o^- 
anti^Iaanin precursor [M.Tone et al.f I3iochem» 1Q2> 1033, (1987)]; beta- 
casein [LJIansson al. Gene, 139» 193> (1994)]; fibronectin [A.Ghitman et 
FEBS Lett., 2fiZ. MS, (1996)]; dnombospondin-l precursor [VJ>fadt a aU 

10 Pioc NatL Acad. ScL, USA, SL 5449. (1986)]; ILFJSoolittle, Ann. Rev. 

Biodhem., SI 195, (1984). 

When the biological targeting moiety is e peptide, one or both of the peptide tenonni may 
optionaUybeprGtectedwilliesuitiiblem^abolisminl]^^ BylfaetCTn 
15 'Vnetabolism inhibiting gcm^s^ is meant abzocompatLble gronp 'which inhibits or 
si3|ipresses in ^nvo metabolism of the peptide or amino acid at the amino or carboxyl 
temimus. Such groups are well known to those skilled in the art and are suitably chosen, 
fiom, Sac the peptide amine tenooimis: acetyl. Boo (where Boc is ter^-butyloxycazbongd), 
Fimoc (where Fmoc is flnorenyhnetboxycarbonyl). benzyloxycarbonyl. tcifluoroacetyl^ 
20 aHyloKycaAon;^, Dde [Le. l<4.4-dimelhyl-2,6-dioxocyclohexylidcne)elh^ orNpys (i.e. 
3-iiitcD-2-pyridine sulfrayl). Mnbition of metabolism of the p^tide amine tseimimis m^y 
nig^ri be achieved by attachment of "die amine tenninus to the azapdiamine dioxime 
chelator. Suitable metabolism izdiibidnggiDiq» for the pq^ 
{ndude; caxfaoxamidB,ter^-but)destra:,benz;>iestar,cyclothex^^ 
25 gttgf4i¥n RTit trt tTia ftgfl-diamine dioxime chelator. Pref^nably. at least one mc^olism 
xaUbitins group is chosen to be the azapdiamine dioxime chelator. 



The caxboxsd tonodnus of peptides is particularly susc^itibld to in wm deannagiB by 
csij|>oxyp^tidase enzynies. Consequently, the aza-diamine dioximfi chelatoir is pie fi B raWy 
30 attached at the caiboxyl tenninus. When die peptide cotK^krises a cyclic p^tidp. the 
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met^olism inhibiting gfOVp may be the oovaient bond yvbich closes the cyclic peptide 
ling. 

Pxefened biological targeting peptides of the present invention are S to 20-iiier peptide 
ftagmeots of ar«i^lasiiun or caseiii, most preferably 4 to 15-iner, ^edally 5 to 14- 
mer sudh f^agmoifs. Preferred Oir^ntiplfiwOT or casein p^des of the pres^ 
oonprise at least one metsibolisni inhibiting groap* and an amino aoid sequence taken 
fixan the N-tenninas of o&or: 



10 (i) 



i.e. lOTi-Aan-^ln'<3to-^to-VaI-Ser-IVio-I^-Thr- 

orvanauts of ibis in'wliich one osr more amino adds hanre bean exdianged, added otr 
removed sudi as: 

NHa-Astt-Gln-Gla-Qln-Val-Ser-FrtHl^ 
15 NHr-Asn-<JlB-QlarAlarVal-Ser-Pwi-Leu-Tto^^ 
NBb-Asn-'GlnrGlu-Ghi-Val-OIy-OH; or 



ie. Ao-L«a-Gly-J?xo-aiy'a]n-Ser-Lys-Val-Il&-C%r. 



Especially lacfcnred 07-antiplasmin peptides of the present imvoition are peptide 
fiagments conqinsise iSie 4 amino acid sequenoe Asn-Gln-Glu-Gln C^QEQ). Most 
eapedally piefbned such cta-antiplaamin peptides have metaibolism intdbiting gioups at 
both flie pqrtide tennini. -vyhere the azardiaminedioxime is one of the metabolism 
25 iziMbxting groups. 

BydMterm 'flnoroallsyl' is meant an alkylgtoiq) with at least one fliwarinesiibsdti^^ 
the temi encompasses groups fiom monoflaotoalkyi (eg. -CEIaiF) to pecfhioioalkyl (eg. 
CF3). 

30 
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The pr^^ inventors have fbrnid in addition to the desired technetiinn species, aza- 
diaixmiedioxime ligajads fbim other technetium complies whicjb ax9 categorised as 
lipophilic tecbnotimD ccnziplexed, and lhat 9uch complices can adversely effect the 
biodistnbixtiDn of the compositum. By the term 'lipophilic technetium cGmpIeoc" i$ 

5 xtiieaidt an aza-diaminedioxime metal coordination complex of technetium mth a 
significanfly greater octanol watear partition coefficient than the desired thermodynamic 
technetimn complete of the aza-diaminedioxime. Such 'l&pophilic technedum conoplexe&r 
bind strongly to the stationary phase hi revexse-phase HFLC when up to 50% organic 
solvent is used in die mobile phase. Therefere the presence of such a ^^opbilic 

ID tedmetium conqpL^'* in the oooaiposition necessitates the use of an ^upneous/oiganic 
solvent mobile phase vvitfa an oi;^nic cont&nl: of at least 70%, preferably at least 90% to 
cause them to ehite fiom the column in a levecse-pfaase HPLC analysis. 

Suitable t»y*liw*^Hnm complex compositians of the present invention are those 'wherein less 
15 than 5 % of the '^c present in the technetium conxplex composificn comprises lipophilic 
compl63£es as defined aibove. Freferahly^ technetium complex conqiosilions of llie 
piesent invention are those wh^dn l»s than 3 % of Hie '^c prraent in the technetium 
complex con^osxtion comprise ^pophific ^Tc conQ>lexes. Most pre&rably, liie level of 
these lipophilic '^c complexM is less than 2 %, with less dian 1 % being especially 
20 prefenced^ and less than 0.5 %bdngttLe ideal 

The toesent invention shows fliat the lipophilic '^c complexes exhibit undrairable liver 
iqptake and blood retention mvnv. Mnajnriging liver \gtake is jgq^ant, since the liver is 
an important background cigan fbr ladiophazmaicBUtical imagmg— especially for limg or 
25 h^rt imaging. When the targeting molecule (2^ is designed to laiget thn>mbi with^ 

lung such as puhmmaiy emboli (PE), ibs potential for imaguoig win also be aSected by 
radioacdvily in the organs and tissues suinnmdine the blood clot (i.e. timg, heart, blood 
and liver). 

30 It is believed that the deduced thermodynamic product of die tedhnetium conzplexes of the 
aza-diaminedioxime Ugand has the stmctore: 
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wbere B* » and Y are aa defined above; 

ie. a Tc(V) dioxo eaxaphx^ with the aza-diaiinaedic»dn3jB ligand having a diaxninedioxtme 
5 metal donor set^ whi^re the nilios^n of the -NY- £CO«q> is imoooidinated. The pseudo- 
mBCTOcyolic ring structoxe is believed to confer tfaeimodynamic stability over the 
transient complexes. When Ifae nature of Y is such fliat the N atom of — NY«- is a 
tertiary amine, tiien a significant pioporticn of tibtis tortiaxy amine is protonat^ in 
aqoeons solution at pH less tboi 9.0 doe to title basidly of tertiary amines (which have 
10 pKa values lypioally in the range 8 to 10). 

Preferred tecdmetxum oonqpilex compositioiis of the pres en t invention are those fusilier 
characterised in ftat in addition to the 5tq>pressed content of lipophilic '^c comqplexes, 
less than 10 % of the ^c pressai in fine iechnetiiim conqilex conotposilion cooqitises 

IS translCTt con^pkixes. Th^e '%ansient "To conq>lexes" axe the kinetLoally fiLVonred 
tecdmetium metal ccmqplexation reaction products. Ihey are transient in nature^ slowly 
conveating to the desired thennodynamicaSy stable final chenncal con^Iexation reaction 
product under ambient conditions. The chemical stractuies of Itae transient complexea 
are not known, bnt tihey are believed to involve coordination of the bridgehead nitrogen 

20 atcnn of the -NY- moiety of Foxmula (S) to the tecbnetfasn. Such coordination would 
probably involve the aza-diaminedioxime ligand &QCtiQDinig either as a p entadent ate 
ligand (ie. having a dioximetriamine donor set), or as a tetradentate chelator with one 
imcooidinated oxime group in a Tc(V) oonctplex with a monoxo core (ie. a TcHO^^ core). 
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Such a>oj[«3jx»aljon by Hie bridgehead nitrogen a*ara wofold be IdnedcaUy &yoiired by the 
smaller S-iing chelate ring size when fhs -NY- nitcogen atom coatdiBOtK* oon^paied to 
the S-ting chelatB ring size of the thermodynamic product whodn flw -NV- mtrogen 
uncoordmated. 

For ladiophannaceutical ttppUcations in particular, the presence of nmltiple tedmetiiim 
BpGQhes whose exact conqiosLtioii dianges with tfane is clearly undeniable, since 
leptodadbility of what is administ^ is difBcuit to achieve, and each species may have 
difEerentbiDdistribution characteristics. The present invendoo flierafiire provides methods 
for controlling the levels of the tcansient technetiom conqplexes, so that the desired 
thennodynamic product is obtained in the highest degcee of purity. 



The multiple technetham azaMKamiaedioxime complexes of the present invention can be 
separated and detected by suitable chromRtogn?>hic methods, sucOi as HPLQ especially 
15 xwwsed phase HPLC.ie,RP-HPLC. The presence of these lipophilic and Wnetic species 
was not lecogniaed by previous investigators, probably because flie lipophilic tedmetium 
complexes have such great affinity for the column in RP-HPLC that a mobile phase 
laving ft higher solvent content is necessary to get Ihein to elute. Thus, eg. initial HPLC 
and ITLC analysis of an aza-diaminedioaam© conjugate wifli an antiplasmm p^rtide 
suggested a nominal purity of over 90 %. ie. a BStisfectory purity. Subsequent 
biodistribution studies exhibiled high levcb of retention m flie liver which were 
ffl^»»««t«rt with the measured amounts of RHT (reduced hydtolysed technetinm). 
Putflier more discrimiziating cOironiatogcevhic analysis showed Ae multiple species of flie 
prossezLt inventioiL 



20 



25 



Using RP'HPIjC, the transient "To complexes exhibit retention times less than that of the 
^ccmodynamio product, whereas the lipophilic conq»lexes exhibit agnifioautly longer 
retention thnes than that of the thennodynanric pioducL Using quantificatiaa of peak 
size, fte person skilled in «ie art can thus readily momtot whether a given Tc 
30 «Hi5>leKatiDn reaction has proceeded to completion, and tihe levels of lipophilic *rc 
complexes present An au&entic sample of the desired fhecmodynamic *rc complex 
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|)£Odu£t ^an readily be establish^ for a given system by dther a prolonged coxapkxoiioii 
leacticm time at ambient temperature (18-25 ^C)^ or following heatiag at more elevated 
tea^emtuiTOas taught by the present invCTtic^ Sucli authentic sauries can tiien be used 
to identii^ Speaks observed for the particular chramaiogE^hy system used. 

5 

The teim *1ogP" has its* standard meanixjyg - ie. the logarithm (in base 10) of die octanol- 
water partilioa coef&cient (P). Such octanol-waler partition coefEciente are published for 
1^ wide zsDge of oiganic compounds^ and can be measured by a variety of techniques, such 
as direct measurement [for ^Tc compIra:« see AJEUCeUing et al^ Int JJWucl AIed.BioL, 
10 IL 1 13-119 (1984)], or chromatography [AJIoepping et a/, BioorgJidtedCaiem., 6, 1663- 
1672 (1998)]. A preferred m^surement method is to calibrate a chromiatogi^diy system 
(eg. HPLC) with known standards so that the retention time can be correlated with logP. 
Hiis has flie advantage that mixtures of species can be mrasured concuxFBZLtly. 

15 Preferred tedmetium conQ>l«xes of the presmt invention are symmetrical, ie. tiie two 

-CR^2R*d«ICR^3C(==N-OHJR^ substitueats on the -NY- jnoiety of the ligand of Formula 
(I) are chosen to be the same. This has the advantage that, the tedmedum complex does 
not contain a chixal centre, since such centres may result in diastereomeric technetinm 
oomplex^ and possibly leguixe the purification of particular isomers. 

20 

to fb& tedbm^um aza-diamine diaxime complies of the present invention^ it is preferred 
Aat at least one Regroup is H, more preferably an of the Regroups are H. EaohR^is 
preferably chosen fiora: Ci^ sdkyK Cw alkoxyslkyl, Ci^^ Iq^xyalkyl, or C^^ 
fiuotoalkyl, and is most prefeiably lilkyl or Cm flttoroalkjd. It is most Mpecially 
25 pxefisrred lhat all ^ Regroups are CXb* 

When the t«:hnetium complexes of the present invention comprise R grouj^ whorein two 
or more R groups, together with Ihe atoms to which ftey are attached, forai a carbocydic, 
hetetooyclic, saturated or unsaturated ring, preferred such rings have 3- to 6-member5, 
30 especially 5- or 6- menibeis. Most prefenced such rings are saturated carbocyclic rings. 
Prefimred carbocycUc ringp are tibose in whifih2 groups attached to dfhcrlhe same or 
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adjacent carbon atoms are combiB^ to fonn 3- to 6-m.eizLbered, especially S- or 6- 
memberod saturated rings, 

EspedaDy prefetred tecbnetiimi aza-diaminedioxime complex cooq^ositiatis of the prasent 
5 ixiveatzoaarelliose^th^ligaridsofFoxxnii^ 



n 

whece each is ixukpendancly chosen ftom Ci^ aUcyl or Cu^ £luoroaIkyIj» p is an integer 
ofvaltieOtoS^andZisasdefinedfbrFonniilaL Thus, in Formula IIY is 
10 -CHzCXb(A)pZ. Pte&rred Hgands of Fonnula (D) ore Bymmettical as desraibed above. 

It is envisaged that &e role of ihe linker group -(AV is to distance Hir relatively boDor 
technetiimi complex wMch results ispon metal cooardinatioii, fiom die activB site of the 
biologicfll targeting moiety (Z), so that ^ zec^b^ Thiscanbe 

15 adiievedby a condnnadon of flexibili^C^ sioxple alkyl chains)* so that the bulky gzoiq» 
has die fieedom to position itself away firaa the active site and/or rigidity smb a^ a 
cycloallgd or aryl spacer which ozientates tiie metal complex away fiom the active site. 
The nature of tbe lixiker group can also be used to modify die biodktiibuti<m of the 
resulting tecbDetiiun compleK of the conjugate* Thus, eg. the introduction of ether groups 

20 in die linker will h^ to noininuseplasniaprotefaibi^ ortiieuseof polymeric linker 
gEoi^s such as PEG (polyalkylenegtycol) can hel^ to prolong the lifetime of the agent in 

the blood Jfrzvfvo. 




OH 



OH 
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Piefeied Koker groups -<A)„- have a baddxaie chaia (ie. the linkea atotne whidi make up 
ibs -CA)n- inOi«y) wMch ooutaiiis 2 to 10 atoms, most preferably 2 to 5 atoms, wifli 2 or 3 
atoms bang espedaDy prefeired, A minimum linker group backbone chain of 2 atoms 
coD&s ^ advantage that the aza-diaminedioxime chelator is weai-scparated from the 
biological targeting moiety so that any interaction is minimised. A furflier advantage is 
ftat die potBBtial cAelBte ring size of ite Z grtnq» is so large (at 1^ 
ffoap chain), dxai diese pioap^ ate nnlilcely to cxmrpebb e€fcctively with the coordinadon 
of aza-dianunedioxime to the *rc. In fliis way, both the biological targedng 
diaxactraisttcs of the biological targeting moiety, and the metal complexing capabiKty of 
^ azardiaminedioxxme chelalor is maintained in conjugates of dns ^ype. It is strongly 
prefcned diat die biological targeting moiety Z is bound to the azB-diaminedioxime 
^ h^latnr aiMili a iway thatHie linkage does not undergo fecile metabolism in blood. "Ibat 
is because such metabolism would lesult in ihe *Tc matail con^>l6x being cleaved off 
before thelribefled biological targeting moiety reaches the deared in The 
15 UologiGal targeting moldy is therefore preferably covaleniay bound to die "Tc metal 
canq^texes of die prosent invOTtion via -<AV linker groups which are not readily 
metabolised. Suit^le stiCh linkages are carboik-cafbon bOEoda, amide bonds, urea or 
thiourea Hxikages, or ether bonds. 

20 NottOJeptidelinkcwBioijpssuchaaalkylenegrOiqiBCff axyleno 

that fliore are no significant hydrogen bonding interactions with the conjugated biological 
targeting mmely so that the Unker does not wrap round onto the biological targeting 
moiety. Inferred alkyleaie spacer groups are -K!CH^ 
5. Pre&nfa3yqis2ar3. Prefeied ar^«ae spacers are of finmula: 




25 



where: a andb are each indepeadsafly O9 1 isr 2. 



Apreferod Y sioup ismiis-<3l2CHHAVZ- - wh^^ of value 0 to 3. 



iP05Q8B2 25'Qc.t<0.a I^Zi^ 
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When Z i6 a peptide, Y is prejferably --CHiCH2-(A)p-Z where -(AV is -CONR- or 
-NRCO-- When -(A)p- is this groxtping has tiie additional advantage that it 

stems fiom tiie symmetrical intennediate N(CHzCH2NBE03. which is commercially 
available. Triamine precursors having difftsrent cham lengttis require the use of synthetic 
s strategic to diemically distinguish the vaxioxis amiaes (eg. via protecting groups). 

The improved technetium compkx compositions of the jncesent invention may be 
prepared by reacting the "Tc radioisotope (ie, ^^^c, or ^^TTc) in the appropriate 
oxidation state with the ligand of Formula CD or (CO in solution in a suitable solvent, widi 



(i) a prolonged reaction time at ambient t^nperature; or 

(ii) heating at more elevated tenq>erature; or 

(iii) combinations thereof 

to drive tihe reaction to the d^ired fheimodynamic complex producL The nsual 

15 tedmetimn starting material i$ pertech^etate, ie* TCO4 whidi is technethim in the Tc(VII) 
oxidation state. Pertechnetate is relatively unreai^e, hence the p]:iq>aiatLon of 
technetium complexes of lower oxidation state Tc(I) to Tc(V) usually requires die 
additifm of a suitable redndng a^it $nch as ^aimous ion to jfodliXote complexation by 
leducins i3ie oxidation staie of flie iBchnetium. The Solveaot may be orgamc or aqueous, 

20 or mixture thereof. When the solvent conqirises an or:^aiic solvent, the organic sotv)^ 
is pre&rably a biorCTiyatible solveoolv such as ethanol or DMSO. Preferably the solvent 
is aqueous, and is most pre&zaibly isotsimic saline. To obtain the tecbnedom complex 
ccmipositiQns of liie present invention, the reaction mixture must be heated at a mxziimum 
teampearatUTB of SO fox a period of at least 10 Tnnmtcs. Suitable Tietftng conditions are a 

25 t6oa9e3natin»ranseofSOto80''C&rlOto20n3^^ 

minutes, most preferably 60 to 65 finr 10 to 12 minutes, with 60 ^ for 10 minutes 
bwG^ the ideal- The pH of tibie reaotion medium is suitably in the range pH 8.5 to 9.5» 
prefbrably pH 9.0. The heating proce^ may employ any suitable methodology such as 
hot baths of fhdd, suoh as water or a high4)oi]iz^ oil (egr silicone), heating blocks, hot 

30 plates or midowaye radiatioiu as long as tibe desired tenq>erature control can be achieved. 
After the heating is complecey the leaetian mixture is eidier allowed to cool to room 



10 



eitfaer: 
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tesnqjearatuie, or may be actively cooled (eg. ia a str^^ 
-watBr) or vta a heating block mOi integcal indtictiTe coolins. 

The present inventois have dlso established tbat fhe undeshabld lipophiHo coiapleoces 
5 can be suppressed by ttepxesence in ihetfeactiimmixtiue of at 1^ 

oi^mic acid with a Woconipatible cation. By Ae tenn "weak ois^mc add" is meant an 
DigaDic acid wWhi apKa in flie range 3 to 7. By 1he tenn "biocompatible cation"' is meant 
a positively chaiged countedon 'wfaidi fonns a salt with, an ionised, negatively oharg^ 
gioap, -vvbsK said posttively chained counterion is also nott-toxic and benoe suitaible fbr 
10 administrationto fhe inammaSanbody^espedaUy the hunian body. Exaoqsles of suitable 
Uooon^adble cations inchide: the allcali metals sodinm or potassinm: the alkaline eaitii 
m«htiB «>fti«»{invi and Tpae""^""? ^ ^ ammonium ion. Fie^bixed biocaiiq)atibte cations 
are sodium and potassium, most preferably sodium. 

15 SmtabiA siidk we^ organic adds are acetic add, dtric acid, tartaric acid, gluconic add, 
^ueohqptomc add. benzoic add, phenols orphosphonic adds. Hence, smtable salts are 
acetate, dtrates, tartrates, g^uconabra, glucohqptanates, beozostes, ph^lates or 
pfhosphonates, preferably acetates. The acetate salt is ptefiMably sodium or potassium 
aodate. most pce&rd>ly sodium acetate. An additional advantage of using tiiese salts is 

20 that the acid anion conqplnces iweaildy to die technetium (such as taiiraiE, ^neonate or 
dilate), and is diqplaeed by tii© aw-dlsminedJojdnie Ugand in a Ugand exchange or 
tnmsdiBlation procesB. Sndi conditiODS ate nfiefid to help si^ppress undesirable side 
zeaetions sudi as hydrolysis of the tedmetium ion. A suitable gqnceiiiiiiti<ni to use £ar the 
sate of the weak oi^nic add is in die range 1 to 100 imicd/ml, praferAIy in the lan^ 

25 SOpmolAnL 



Applicants have fiirlherfinmd that the addition of a radioprotectant to the reaction mixture 
not only std^es die "Tc oomplex product once fdmed. but uneaqpectedly accelejatBs die 
convosicKi of die tcandent Tc cornqphgces to die deshred tiiacmodynswio technetium 
30 complex pxodnot. This has the advantage that sharterheath^g times and/or lower heali^ 
tampecotores can be applied. This maty be particularly advantageous -when the Iriologjcal 
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taigeting moi<^ is heat-sensilive to at least some degree. By flie teem 'Yadioprotectam!" is 
meant a eonqioimd v/Uch ixMhiXs degradation reactions, such as xedox processes^ by 
trapping Mj^Jy-reactive fin$e r^dicals^ such as oxygea-contauiin$ fiea xadicals arising 
fiom the zadiolysis of water. 



10 



The radiopiotectmits affile pTC9e]Rtjazve^ a somce of sterile 

oxygen or air; ascorbic acid; j7^a-aminob€SQZoic acid (le. 4--aimnobeiizoic acid); g^tisio 
acid Olc. 2,5-dihydroxybenzoic ac^d) and salts of such acids with a biocompatible cation, 
as defined above. Pte&rred radioprcrtectaixts are ascorbic add and j7a?'a-aminoben2;oic 
acid, or salts thereof wilh a biocon^jatible cation, Bspedally inreferred radioprotectants 
aiepoTVi-aminobenzoic acid and salts tCh^eof with a biocompatible cation, idi^Ily sodiinn 
jpifyfyy ^arp^ y^nhRyigoaie- The xadioprotcGtaats of the piesent invention axe commercially 
available to a pharmaceutical grade spe cification - 



15 The present inventors have also established that the levels of imdesirBble Iqkopbilic *rc 
coniplexes are influenced by ihe dioice of phamiacenticail grade vial closure eccqployed. 
Such closures tj^pically comprise bromobutyl, chloiobutyl or butyl rubbers, or nuxmtea 
aieieo:^ and is believed that involatile leached materials (e-g. Wbodered phenolic 
antioxidant or phenolic resin by-products) from the synthetic rubber can react with the 

20 aza-djanainedioxime chelate coi^ugate to ^ve varying levels of lipophilic *Tc conxplexes* 
It is believed that most t^es of closure exhibit this problem. 



23 



The preparation of the technetium a>nxpl^ composition of the present invention is 
preferably carried out using a nan-radioactive kit, as described in the ihizd embodimuent of 
the invenlion (below). 



30 



The aza-diamincdioxime chelator coiga^iles used in the preparation of flie technetium 
conq>kx compositions of the pr^ent invention can be prepared by reaction of a 
biflmctional chelate of Formula m with the biological taigetix^ moiety (Z): 
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3 each IBt} and is ind^endmay an K group; 

-wheze: J is a fimctiozial gzoiqi snitable fox coiijusation to Z; 

_(A)n- is a linker group where eatih A is indBpiBgodently 
-CRa- , -C3R.=CR.- , -CfeC- , -CRaCQz- , -CO2CR2- , -NRCO- . 

-CRaOCRa- , -C3bSCRa- , -CaiaNRCRz- , a C« cycWhetEsroalMene 
gtoop, a C« cydoallcTleae group, a C5-12 arylene gtou^, or a Cs-ia 
h^i6tDai:3d«ae gtoi^ or a polydMeneglycoI. polylactic acid or 
poly^ycoBc add moiety; 
15 nisaninteserofvalueOto 10; 

each B. ^up is independenlJy H or Cwo aHq^ C3.10 aJkyiaryl^ C2.10 aDtoxyaDfyl, Ci-10 
isy^taxyOk^ Ci-ig flnoroaltyl, or 2 or hkhs R groups, toaethar wifli flie atoms to which 
the/ are attadbied fimn a caibocyclic. hBtmocycHo, satiuated or unsaturated ring. 

20 BythBtem*«nictionalgioijqpstdtd>lefiw<M»i^'u^^ 

vMcb win react wilh a ooErespoiiding fimetional groiip of Z (typicafly an amine, caiboxyl 
or thiol group) to cawoMcaUy link tbeazB-dianm P^fc^sucih 
fbuBCUmal gEoups BuHabl© fcr coxaugatwa wc: -NR*R*, -NCS, -NOO, SM\ - 

OMS nialeinude or a<»ylaniid6, where: 

25 and axe ind^endendy anR group or P°; 
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M is H» abiocoBipatible cation, or an active ester, 
ia H P^; andP^ is aprotecting groi^. 
The term ^luocompatible catiozi'' is as defined above. 



5 By the teim '"protectins group"* is meant a grot^ which inhibitfi or suppresses undesirable 
chemic^ ieactiGns> but which is deigned to be sufiBciendy r^ctive that it may be 
cleaved Gx>m the fimctional gronp in question imder mild ccnditioiis fixat do not 
chemically modify ibs zest of (he molecule. After deptoiection the grovgp in question may 
be tised to conjug^e the bifbncttonal chelate of Fotmula III to the biological targeting 

10 moiety (Z). Protecting groups »re weE kxjiown to those sldB 

chosen fiom, when J is -NR?R^; Boc (where Boc is fe7t-biityloxycaiboiryI)> Fmoc (where 
Rnoc is fluorenybnethoxycarbonyl)^ trifhioroacetyl^ all^oxycarbonyl, Dde l-(4p4- 
dhnethyl-2,6-dioxocyclohe2Q(^lidene)ethyl] or Np)^ (i.e. 3-nitro-2-pyridine suli^yl); and 
when lis -CXJaP^: methyl ester, rerr-butyl ester, benzyl ester. When J is -OP^, suitable 

15 protecting groups are: acetyl, beiizojd, tritjd ot tetrabutyidimetiijfeilyL When J is 

suitable pzotectiiig groups are: trilyl and 4-mjethoxyb^izyL Theuseof furdiwpiotectmg 
groups is described in ^Protective Groups in Qrgmie Synthesis', Htneorodom W- Greene 
and Peter G. M. Wuts^ (John Wiley & Sons> 1991).: 

20 By the tenn "active ester* is memt an ester dcrivstive of die carbox^o acid which is 
designed to be a better leaving group, ^d hence permit more £iGile Keaoticm with 
nudeophiles pseseat on the biologiOdl tai;£^!dx^ oioiety $nch as amines. Examples of 
yriraWa active estere are: ^hydroxysuccinimide (NHS), pentafhiorophenol, 
pentafluoiotbiophenol, pizraHoitrophenol, hydroxybenzotriazole and PyBOP (ie. 

25 benzotiiazol-l-;^-oxytxipyxrolidinopbosphonium hexafluoiaphoSphale). 



The bifonctional chelates of Fotmula III can be ccnqugated to the biolo^al targe^mg 
moiely (Z) as described by SJin ef al [ChemJlev., 99, 2235-2268 (1999)]. Thus, eg. 



30 be eom'ugated to the carboxyl gcoup(&> of the biolc^cal targeting moiety (2^. via amide 
bonds. This coupling can be earned out directly (eg. using $^ 
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or via appropri ate intennediates ^ is known in the art, such as activated estcffi of the 
caxboxyl group of the biological targeting moiety. Alternatively, the pendant amind 
gcoup of the biftmctLonal chelator csn jSrst be converted to an isothiocyanate 
(-NCS) or isocyanate (-NCO) group, which pennit comngation to amine-comaimng 
biological targeting moieties, via tbe formation of thiourea and urea linkages rrapectively. 
Altexnaiively, the pendant amine groiq) of the bifixnctional azardiamxne diaxime chelator 
can be xeact^ with one acid fimction of a diacid to introduce a terminal caifooxjd group 
via a linker group. A bifuuctional chelator bearing a cafboxyl function (ie, J = -CO2M) 
can be used in a similar manner to coiqile directly to anune-containiDg bioI(^;Ical 
targeting moietiea via an amide bond. The hifimctiaiial chelate may also bear a gnyup 
designed to react with thiol grouj^ on the biological targeting moiety to fomi stable 
thioetbfiK- lijoJfcages. Escatapl^ of s^h groi^ are maleimid^ (which may be prepared by 
xeacti<^ of maleic anhydride with the coxxe^auding amme^ fbllowod by heatmg with 
acetic anhydride), and ai^lamidi^ (which may be prq;>aied by reaction of acrylyl 
15 chloxide with the amine). 

The biftinctional aza-diarainedioxime chelators of the present invention may suitably be 
prepared by alkylotion of a coxxipound of Formula IV: 




20 FonctnilalV 

-where A, J, and n are as defined for Fozmnla in above, 
with eithen 

CO the appropriate ebloronitioBod(aivaiivea-^ 

(ii) an al^haHBhkno oxime of fimnula Cl-^<lt*>rC('=NOH)R' ; 
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(iii) an alpha-bromoketone of fonnula Br-C(R^>2-C(=0)R' followed by 
coaversicnQ of the diaininediketozie pxodad to the diamin edioxime with 
hydnncylamizifi. 

Route ® is described by S. Jurisson et al ptaorg. Chem^ 2^ 3576-82 (1987]. 

5 CUoronifxoso ccwnpoonds can be obtained by treamietdt of flie appiopxiate alkene Tvilii 
TUtrosyl chloride {NOCD. Purflier synthetic detaDs of chloronitroso compounds are givea 
by: Ramalingam, YL et al Syntli. Comnnm. (1995) 25(5) 743-52; Glaser et al J, Org. 
Caiem. (1996), Sl(3), l(M7-48; Clapp, LeaUyn B.; et al J. Org Chem. O^l), 3^8) 1 169- 
70; Saito, GiuKcfai et al Shizca Kagaku (1995), 4L 41-9 and Schulz^ Manfred Z. Chem 

10 (1981), 21(11). 404-5. Itoute (iii) is described by NawotuDt ^ «/ CTetrahedion. 50(29)„ 
p.8617-8632 (1994)]. A^pha-chloio-oximes can be obtained by oxmiatioii of ihe 
con^^ondixig dfdiarchloco-ketonie or aldehyde^ which aie commeicially available. 
AIplharbnmioketonBS are commerdially availabte. 



15 In a secGoxd aspect^ &e present iovention pxovidea radiophannaceuticab which coniprise 
the fdsove aza-diaminedioxime technetium conq^lex compositions in a stedle finzn 
suitable fat human adxnini^tratLon. Sudx tadiophannaceutical& are suitably sfijqpiplied in a 
container which is provided with a seal which is suitable fbr single or mtdtiple punctming 
with a hypodennic needle (e-g. a criniped-on septum seal closure) whilst mointaiiiing 

20 sterile mtegdty. Sudi containers may contain single or mviMple pade^ Prefored 
multiple dose containers camprise a sfngle bulk vial Ce.g. of 10 to 100 cm^ volume) which 
contains multiple patlcart doses, whereby sfaigle patient doses can thus be withdrawn into 
^iiiitMi grade i^yringes at various time intervals dming the viable lifetime of the 
preparation to suit the cfinicail situation. 

25 

The Tadiophannaceoticab of the present invemion may also be siqpplied in pore-filled 
syiinges. Such pre-fiOed syringes are designed to contain a smgle human dose» which is 
in a finm wherein the dose can be administered to the patient directly from the syringe. 
Such pre*SUedsEyxinges are suitably prepared by aseptic so diat the produM 

30 is m sterile friim. The syringe whi<di is pre-fiUed is therefore preferably a disposable or 
other syringe which is suitable frir <^inical use, and hence which mainTflins the sterile 
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integiity of lie ladiophannaceutical. The pre-filled syringe containTng the 
ladiopliannaceatical may advanlageoiisly be provided with a sydnge shield to protect Hhs 
opoator fiom radioactive dose. Suitable such radiopharmaceutical syringe shields are 
known inlhe art and prefraably comprise eiOier lead or tungsten. Suchpre-fillsd syringes 
S are prrfeiably dripped to the custoiner already fitted vwtihi a syringe sMeld,ari^ 

■witbiiL a contamer wUch provides fiirthar xadiatiion shielding so that the external 
puTiartiwi dose at. the eicterior of tiie package is minimised dming tran^xt fiom the 
mami&eturerto the customer. 

10 A radioactiviiy content soiteble for a diagnostic imaging radiorphannaceutical 
is in flie zaoge 180 to 1500 MBq. dq?ending on the site to be imaged in vivo, flie intake 
and file target to backgroimd ratio. For heart imaging with a radiophaimaceiiiical, 
ca. 1110 MBq (30 mCO may be used for a stress study, and ca. 350 MBq (10 mCS) for a 
rest snidy. For thrombus imaging wiBi a radiophannaceutical ca. 750 MBq C21 

15 mCO would be suitable. 

In a ttmd aspect the present invention provides non-iadioactive kits for die preparation of 
die *Tc radiopluaxoaceatical composUions of the present mvention. Sudi kits are 
designed to give steiilo radiophannaceatical products suilable for human adminisixation, 

20 eg. vte direct ir^ection into the bloodshream. For ''^^clhe kit is preferably lyophilised 
and is deigned to be teconatitnted with sterile ''^c^erteohnetate CTcO*") fiom a '^o 
radioisotope generator to give a soludon.suitable for human administiation without fUrliier 
manqiuladon. SuitablekitB comprise a container (eg- a septnin-^eated vjal) oonjahHUg Ae 
free aza^diaminedioxamo ligsnd of Formula (I), together with a pharmaceuticaJty 

25 acceptable reducmg agent such as sodium dithionite. sodium bisulphite, ascorbic acid, 
fonnamidine suftihinic acid, stannous ion, Fe(II) or CoCO; togedier with at least one salt of 
a weak oigamc add with abioconipaiibl© cation as defined above. The salt of the wealc 
organic add fimctioais to suppress the feimation of undesicable UpopbiUo Tc conqilexes 
(as discnbed above). 
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The non-radioactive kits may optionally further conopdse a second^ difierent salt of a 
weak cacgflwic add wtdglx fimctioDS as a ttanscbelator. The transcbelatDr is a compoizo4 
vAdQh reacts rapidly to fhnn a weak cozrtplex with technetiunu fhen is displaced by The 
aza-diaminedioxime» This mxniniises fhe risk of fi>imati(m of reduced bydrolysed 
5 tedmetiom (RHT) due to rapid reduction of pertechnetate conrpeting with technetium 
conqslexatioD. Sintable such tcansdiektoxB are the weak organic acid sah£ described 
abQve> pief^nably tartrate ghiconat^^ ^ucckheptonates, banzoates, or phosphonates, 
preferably phosphooat^ most ^ecially diphosphonates. A prefened such tran&ehelator 
is a of !MDF» ie. m^faylenediphosphonic acidL wifh abioconipaiible cation. 



As an attemative to use of this ligand in £ree ibim^ fhe kit may optionally contain a meeal 
complex of the aza-diaminedioxime ligand whicli» c^on addition of the tedmetinm, 
undeiiSpes tiansmetaUatiozi (ie. ligand exchan^) grvi^g the desired ]>roducL Suitable 
such ccHi3pkoce$ fi>r iTanmiBtaUlation axe copper or zinc complexes. 



The phaixnaceulicalty acceptable reducing agoit used in the kit is piefb:ably a staiMoous 
salt such as stannous chloride, stannous fluoride or stannous tartrate, and may be in either 
anhydrous or hydrated fbmi. The stannous salt is prefioorably stannous chloride or 
stannous fbioride* 



The non-radioactLve kits may optionally jSjrth^ comprise additional componoits audi as A 
radippiotectant, antimicrobial preservative* pti-adjusting agent, or filler. The t^mi 
'^EBdicprcrtectantf is as defmed above. By «he term ''antimicrobial preservative*' is meant 
an agent which inhibits the growth of potentially haimfiil micnMtrsaEusms sudi as 

25 bacteria, yeasts or moulds. The antimicrobial preserrative may also exhibit some 
bactericidal prqpertie% depending on ihe dose. The main. lole of ifae antimicrobial 
pres^ative(s> of ihe presexit invention, is to inhibit the growth of any such micro- 
organism in the ^c radiophazmaceutical composition post-reconstitntiany ie. in fhe 
radioactive diagoostic product itself The antimicrobial pr^rvative may, however^ also 

30 Optioxxally be used to Lohibit die growfii of potentially hannM miaro-organisma in one or 
more conipoa^ufi of the noidHradioiictive kit of die present invention prior to 
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leconstitution. Suitable antimicrobial preservatiye(s) include: the pataibeDS* ie. meehyl, 
efliyl, propyl «r butyl paraiben or mixtures thereof benzyl alcohol; phenol; cresol; 
cettimide and linomexsa]. Prefcired antimicrobial preservaiiv«<8) are the paxaboia. 

5 The tarn '^pH-an^justing agenf ' inean& a cODopouud or mixtae of ccaaDtpounds used to 
ensuie fhat the pH of the reconstituted kit is within acceptabte limits (approximalely pH 
4.0 to 10.5) for human or Tr.«T»»na1iim admmistration. Suitable such pH-adjusling a^nls 
include phaxmacentically acceptable bofiTos, such as tricine, phosphate or TRIS [ie. 
trisOiydtaxymc^)ainiaomethanel, and phamiaceulically acceptable bases sudi as 

10 sodium caAoiutB, sodium bicarbouate Of mixtutestheceoE When the Wological taigeiiug 
moiety is a peptide, it is preferred that the pH-adjusting agent con^nises sodium 
bicaibonalie. 



When, the biological taigeting moiety is a pqptide firagmeol of a3-antip1asniin» a preferred 
IS kit foramlatiain conqirises: the ligand, stannous redwtant. an acetate salt of a 
biocompatible calion, a diphosphonic acid trwiBchdator plus a pH-adjusting agent. A 
piBfored sudx kit comprises: the ligaod. stannous chloride, sodium acetate, MDP and 
sodimn bicarbonate as flie pH-adjustmg agent. A most prefetied such kit further 
eouqnises a ladioprotectant, especially PABA or a biocompalablo salt thereof most 
20 specialty the sodium salt of PABA. 



In a fbuifh aspect^ Hw present inwention provides a meOiod of diagnoslie imagiiig of 
thrambi usmg tbe radiophaimaceuticals of the preseart invention, where Ob biological 
tarsBting molecule is a 3 to 20-mer pepttde fiagm«nt of a2.flnliphsniin. Prafecably, the 

25 peptide fiagment of oflranliplasmin comprises the sequoice Asn-Gfai-Olti-an. 
Ptthnonary emboli (J?E^ are composed of agnxGcant amounts of fibrin, wUch is czoss- 
Kniced and stabilised by ihe action of Factor XIDa. Both flhrin and Fador XIIIb axe 
genotated fiom nonracdve preciusois sperafically at sites of tlinimbosis. The pq)tide 
fcogrw^wtg of o2-Bntiplasmtn of the present invention are potent sobtfrates flJr Factor 

30 xnia, and are thus covalenlly bound to fibrin witlMiipiihMoaiaryen^ 

iWs enzyme. The '^^Tc-complexes of the aza-diaminedioxime ofl-antiplasimn pqptide 
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fiagmfiat conjugates of tibte prraent invention are thus selectivdy taken \Mp at the site of flie 
embolus in vrvo, givmg positive tiptake csr *liot-5pof* imaging for such sites relative to 
nonnal tissue. Similar logic appJi^ to other types of thrombi in vivo (eg. de^ vein 
fhrombosis or dvt), since Factor Xnia fbnctions in a similar way. Hence;, tiie Factor XDDb 
substrate conjugates of the present invendom are useful for the imaging of fhrombi in viw>, 
espedally puhnonaiy emboli and vein ihrombosis» 



The invention is illuslxated by the non-limiting ETcamples detailed below. 

10 Example 1 describes the synthe^ of Compound 1, which is an aza-dianunedioxime 
cbelatoor of the invention. 

Exaiaplo 2 describes Hx^ synthesis of ihe protected form of apoceEband peptide targeting 
molecule, which is a peptide fiagpcnfflit of ce^-antiplasnun fi>r taigetmg fluombL 
Exssapls 3 describes Ifae symhesis of Compound 3» which is a com'ugate of fhe aza- 
L5 diaminedioxiaiB chelator of Example 1 wifli fhe t^xseting peptide of Example 2. 

Example 4 is a ccdnparative l^tample showing fte ^^c ladiolabelling of Compomid 3 as 
tauj^ in the prior art. 

Example 5 describes the HPLC systems used in tibie present invention. System J is the 
one whidi gives an aqpparently acceptable RCP^, hut lipophilic '^c compleaces axe retained 

20 on fhe colmnn (ie. they have too great an a£Gnity for the stationary phase when np to 40% 
acetonitrile in used in the mobile pbase). System H has an elution gradient which 
includes more organic solvent in Hiq mobile phase (up to 90% acetonitrileX sod hence 
successfUOy elutes the lipophilic technetium complexes fiom the colmnn^ so that tibiey are 
analysed. The 4% overesthnate of the purity using System J is due to undetected 

25 lipophilic ^^°^c complex^ (see Figure 3). Example 10 and Figmie 1 shows that such 
levels of lipophilic ^^^c complexes hsve a dgoificant effect on the liver uptake in vivo. 
ExanQsle 6 de;s;ribes the preparaticm of l3rophi]is6d kits of the present invention. 
Fomiulalion 82/6 is prefezx^ since thexe is less teodency for the fre^e-dried cake to 
collapse during lyophxiisation. Foimulatiou 82/6 is also more robust to aged ^'^Tc 

30 generator eluate (ie. up to 6 hours after elution of fhe gooi^tor), giving satis&ctory initial 
RCP and good post reconstitatLon stabihty of fhe preparation. 
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^xampls 7 describes flie reccnistitutiQn of the lyophiUscd kis to give ''^Tc conqilex 
coxafosatiQns of the pr^ent iuventioii. 

Exanqjle 8 shows the efEect of the use of a radioptotectant on ijj© '^"'Tc compleae 
compositioss of the ineseast inveation. 

Exan5)le 9 demonstrates the effect of vial closure on the complex composition. 
Ex2n5)le 10 daows the effect of the lipophilic *rc con5>lQx content on the biodistributioii 
of a ''"Tc complex composition. The variation in lipophilic impxnities caused a 
significant incr^e (p<0.05) in "blood retention of radioactivity at 1 hour pJ. (1.88 to 
3.26%) with a concOTrntant trend towards a decrease in nrinary output (63.07 to 51.04%) 
altibough not statistically significant. Radioactivity present in the liver was also 
aignificanfly increased Cp<0.05) ftom 2.24% to 10.24%. Thus, increasmg levels of 
Kpophilic impiirilies leads to siffiificantly increased reteatioii of '**rc-Coropouod 3 in 
the blood and siSEdficantly M^ber x^take in flie Uver. This in turn caused a tiend towards 
decreased urinary excretiOD, 

Example 11 shows the effect of a weak ojqganic acid salt on the lipophiKctechnetimn 
conqjlex content and lasulting biodifitiibulion- The addition of sodium acetate trihydrate 
to the fiumulation of ''"Tc-Compound 3 is shown to increase blood dearanoe and 
decrease liver uptake, as would be eaqrected due to Uie suppressed content of lipophilic 
'^c conqilQces present. The diagnostic imaging potential of the conqsosition is thus 
significandy inqroved. Uptake of the agent into heart and tang is negUgihle a»d hence 
the agent is potentiality nsefid for famg PE imaging due to the satisfectoiy low background 
uptaike. 

Example 12 shows that an improved *ro complex cwnposition of the present invention 
still eadubits useful clot i^rtake, ie, the biological targeting activity is retained. As 
demonstrated fiom Example lOand Figure 1, the major biological characteristic resnlJing 
fimn the presence of the hpophilic '^"Tc complexes is an increase in the %id in die liver. 

Figure 1 shows the effect of lipophilic '^^c complex content in the composition on die 
Uveruptd^ 
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Figure 2 shows a tepxeseatadve HPIX^ tcace of a azardiaminedioxiiae ^® 
compositicwa showing the various sp wies d^cribed m ibe present inveati^&Ei - Figure 2A. 
is noxznal full scale peak dispby, and Figure 2B is eoqpanded scale. 
Figure 3 conq^ares the HPLC traces for the same aza-^iassunedioExiine conqplex 
preparation using two diflBsrent systems -Sy^ The lipophilic *rc 

complesces are detected using SystMi H (at a level of ca. 5% of Ihe radiolabelled material 
pxe$mt)» but are undetected usiog System h 
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ir.Ttftitt pl& 1: Svnthesia of 33. 1 1 Al-teTramelfav^7-f2H» mi'TioedivlV4 7 1 0-lriayntridecanft- 
?.^ 12-diOiiediOyT»r> ^ Cr!ftmpQtin<1 1 nr Pn216^. 

To a solution of irK(2--aniinoefliyl)aimne (Iml, 6.€8imno1) in acetonitiiLis (IQml) was 
5 added sodium bicaibouate (I.12g, 13 Jemmol, 2eq)- Asolotifin of 3-chlBro-3-ineaiyi-2- 
nitrosobutene ^JVIuimann. J-Axn-Chem^w. 22. 521-526(1957); ISS9& 10.02imiiol, 
1.5eql in diy acetonitrile (5ml) was added dowly.. The reaction xnixtare was left to stir at 
room temperatoie fer 3 days, and then filtered. The residue was washed well witfi 
acetonitrile. and the filtrate evaporated. The crude inrodnctwas thaaponfiodhyRP- 
10 HPIjC (coliinm: HamUton PRP-l; gtadieot 0 to 100%B in 20 ram; where Eluent A is 2% 
aqueous NH3 and Elueni B is acetonitrile, at a flow rate of 3inlAnin) to afi&srd Compaand 
1 (I64nig.7%). 

Sh (C3D3OD, 3OOMH2): 2.77 (ZH, t,y SHt, CSiMHa), 2.50-2.58 (lOH. m. 
HiNCH2C5IjN(C3i2q£fcNH>2), 1.85 (6H, a, 2 x CSjCHN), (12H, 5, 2 x iWhCsm. 

IS 

Example 2: «nmtT.«ri» of fl« V^A^ A^MOEOVSPYQI^TLLTrG «;k^xnpo^md 2\ 
The protected peptide Afr-AMTrt)-Gto(Jtt)-Glu(CWBu><3MTrt)-Val-St<^ 
Tyi(3]5-Thr(tBu)-Leu-LeurL^CBoc)-GIy-OH was assembled on a 2-chlarotri.tyl lesin by 

20 fmrrlhnn'tig Fmoc-Gly- to the resin, and then successive deprotectioiia/coupling 

cycles wMh the appiopiiato piotected amino adds and the eovt>lmg reagents DCC and 
HOBL SoHdphaaepeptideaynfhiKis is described in as described in 
F. Alberido and E. CSixald; Chendad Approaches to the ^hesis of Peptides eatd 
PnOanst CBSZ Press, 1997. The tenmnal vspaca&nR was aeelylated, cleaved fiom flie 

25 resinnshig0.5%TFAanda)!nipOmid2nsedwMhioutftitiierpuri^ 
tdihioioacetBlc salt 



30 The protected Ac-NQEQVSPY(3I)TLLK.G peptide (Compimnd 2) was deaved fiom «w 
solidphaseiesin as described in Example 2, and then coupled with Compound 1 in 
solution using PyBOP (benzotiiaawle-l-yl-oxyttis-pyiiolidino-phoqphonium 
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hexaftooEophospbate) and HOBt (l-hydzoxybeDZOtriazole) as the coupling agents, 
CaEiq)oixDd 3 was obtained by deprotecdcm in rragent K [reagent K is 82.5% TFA, 5"% 
phenol, 5% processed water» 5% tliioamsole> 23% ettiaxLedifbiol (EDT)]. The cmA& 
coxgagate was first purified by KP-EDPLC using TFA followed by a second purificadon 
5 and salt eocch^agQ witfa^edc acid» ^yopliilisation^ filtxaSlon wiCb a0.22fi filter and a final 
lyopbUisation to give Compound 3. 
Molecular weight by MS 1970 ± I Daltons. 

10 Example 4i Tc-99m Radiolabelline of Compound 3 rConroarative Examolel. 

A OAwl aliquot of Con[q>ound 3 dissolved inH2Q Clmg^nJ) was transferred to anitrogen-^ 
filled IQud glass vial tpgetber with dcoxygenated saHne (0.9% w/v; Ind) and 0.03Sml 
aqueous NaQH (O.IM). To tUs solution added technetium generator eluote (1ml, 
^pprox. 0.4GBq) and then aqueous siamous chloride solution (0.1ml, ca.l0|4g). The 

15 labelling pH was 9.0-10.0. Vials were incubated at ambient laboratory temperature (IS** 
25^ &r 30 minutes to efiect labelling. The resnUing preparation was either dihited to 
the desired radioactive concentration or HPLC purification was performed (System B) to 
remove unlabelled startmg raatexjal aud radioactive impurities prior to testing. After 
pmifi^xion the organic solvent was removed in vacuo and the sample was redissolv^ in 

20 aibout 5ml O.IM phosphate buiEfbr pH 7.4 to give a wpxlring concentration of &-9MBq/znL 
Radiodi^cal purity was assessed before use by the thin layer chromatography (TLC) 
system described below: 

i) ITLCSG 2cm X 20cm ehited with 0i>%w/V saline 

ii) Whatman No.l 2cm x 20cm eluied with 50:50 v/v acetoiiitrile:H20 

25 The labelled substrates remain at, or close to, the oiigin in T3LC system (i) and 

move dose to the solvent fiont in system (ii). 
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Examples: ;hpLC ^vstems. 

Flow Rate: Iml/min in all systexns, and TFA= trifluoroacetic acid. 



WatOTC18 250x4.5iiina- Particle size 4 niicrans 
Elation Piofile 1(MS0%B in 25 tnin. 
0.1% oqjoeomTFA 
QA% TPAin acetanttrile. 



Coluam 
Gradient: 
Eluent A: 
BluontB: 



System B, 
10 Column 
Gtadient: 
Ehient A: 
Eluent B: 



Waters Nov^ak CIS 150x3,9mm. Particle size 4 microns 
Elation Ptofile 0-100%B in 22 miiL 
0-1% aqueous TFA 
0.1% TFA in acetointrile 



IS SYBtemH, 
Column 
Gradient: 



20 



EhmtA: 
Bluett B: 



Pbenomenex CIS (2) Luna25x0.46ctcu Sijm; 

Blution Profile 16-40%B from 0 to 20min. 40-90%B from 20.22imn, 
90%B 22-30miii, then 90-16%B finftni 30-3lram. The colrann is then re- 
eqoilibcated in 16%B for 14min. 

0-05 % TFA in water- 
0.04 % TFA in acebniitnle. 



Svatem J. 

Cobnnn Ptenomenex C18 (2)Luna25x4.6 cm, 5 \imi 
25 Gradient: Elution pxofite 16 - 40 % B Etom 0 to 20 minntes, 40 - 1 6% B ftom 20 - 
22 minutcs. Tliccolunmisre-«inilihratedin 16 %B fijrSm^ 
EtuentA: 0.05 % TFA in water 
Eluent B: 0.05 % TFA in acetonitrile. 

30 Analysis by HPLC System J (Ejcampte 5) of areraastitaled ftewdriedldt (txjt 55, 

Exaa^de 6) showed an RCP Qf 94% using System J Oprlor art), but an RCP of 90% using 
System H (present invention) --see Figure 3. 
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Example 6z Preoaralion -ywpWHsed Kite. 

A|ipn>ximately 90% of His tt>tal vcJatoe of waier for injectkm CWFI) ]^Iaced in the 
pepar a ri cm vessel and deoxygenaied hy nitrogsa purgfai^. Methylene diphospliDaic acid» 
stamunis chloride dihydrat^ Con^ovnid 3 («s the wetnte 99lt), Sodimffi Qoetato tohydvate 
and p-aminobenzoic aa'd» sodinm sah were added in turn allowing each one to dissolve 
whilst mtcogenpuxi^g was c(»itinned. The vikos^ pu^^ of ^ soluiion was r^laoed 
with a nitrogea flow ovar the solution headspaee. Sodimn hydzogea caifaonate and 
sodium caibonate anhydrous, or sodium hydrogen caxbonatc alone were then added, and 
allowed to dissolve. The haSc solodon was then aiQusted to 100% of ibs final volume C~S 
litxe) with deoKygnmted "WFL Ihe hnlk soloticm was tiian filtered through a sterile 0^ 
pm filter into the filling vesseL Tho headsp^e of the filUvg vessel was |nsged with 
sterile iUteied (0.2 Mm) mtrogm or argmifiirflie duration of filling op^^ Aliguotsof 
1.0 ml were dispensed aseptically into vials. THbie vials were hal^stoppeiedwiflidosiirts 
A, B or C and (xans&ned onto pie-chilled fieesee-diyer shelves. The viflla were then 
lyopWlised* back-filled wifli sterile filtered (0-2 jan) nitrogen g^s, stoppered and sealed. 
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^ kit 33 coflXalned 2 xng NbCI as £aX£r, 

lot 3d CQntsuiLc4 7S KS^^^'^a^^ dihydeate a& a uansdhelacor, 
'•^^lots 86, 87, 88, 94> 98 aztdfim2iiilatioxiS2Miised36 \i^BnCk^:fi equLvaleiit u> 30 (ig aalvdroiis 
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RYflmplc 7: Pre paration of^^c Comp leKes from Lvonhilisedigs. 
The fieeze-dried kits of Exan^^le 6 wwe reconstituted with '^c^ertechnetate (2 - 8 ml 
fyf j^^T^ ^iTm gengrainr etiiflle: 03-2,5 GBo^, The soludoii WHS heated in a Water ba£h 
5 at 60 XjRar 10 minutes and then allowed to stand at room Radiocaiemical 
purity was determined by ihe HFLC mediod described in Exanqile 5 System H (see 
FigiHB 2) and the ULC method described below: 

ITLC SG Z cm X 20 cm eluted with a 50:50 (vAr) methanol: ammonium acetate solution 
10 (IM)- The ligrad b*&ed jadiolabeUed speeiea move to flie $oh^ent front hnmohile 
impurities are retained at the orig^ 

The sohitians were analysed by HPLC System H and Ae results are givrai in Table 3 
bdow, v/bBK the %EliCP is the ladiochemical purity of the thermodynamic ^^°*Tc 
15 oomptax. 

Table 3 : HPLC analyses of Conq>lexes. 
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t variable RCP believed to lie due to varistions mheatlrig. 

ExanapleS: Effect of pa.^ iftpr<^tectant ^^n Complex Prepwaggpa. 
The eOectof theiadiopiotectaiit aoChxmpcirar^xnaxtiabaxeoataiP^ 

of the ***rc complex prepaiaiians was studied - both in solutioii, and as fieeiae-dned kit 

prepaisiiaiis. AUprepaialioiia were made in lORTdds wifli 1083 4023/50 Qrcy dosarea, 

to a final xadioaetive conceairalion (RAC) of 0.5 GBq/iaL The pr^arodons wece 

analysed at various times post-reoonstitatiaiL (FR.) using HPLC System H; and the xesnlts 

axe given in Table 4 as percentages of ibo ratlipactive coioppsitioQ. 
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Table 4: Labelling anRlygis ; for PABA-contaim'n^ preparations. 









'^"Tc Cinr^lex s^iedes (%) 


Lot 


Na 
Ml An A 

iigAvifll) 


Time PR. 


RHT 




Other 
HydrophiUc 
conqdexeft 


Kin 




Td 


pealGB 






D 




0.7 


0 


0.6 


n.i 


1.8 


86.1 


0 


0.1 


87 


0 


240 


0.7 


3.5 


0.6 


4A 


2.1 


88.9 


0.6 


0 




0 


480 


0.4 


7.1 


0.7 


2.6 


23 


86.5 


0.7 


0 


87 + 


25 


30 


0.5 


0.1 


0.5 


IS 


2.1 


93-1 


1.8 


0 


pABA 


25 


330 


0.6 


1.6 


0.6 


IS 


2.2 


93.8 


0.3 


0 




25 


30 


0.6 


0 


0.5 


43 


2.1 


92.4 


03 


0.2 


93 


25 


300 


0-5 


IJ 


0.5 


23 


2J2 


92^ 


0-6 


0 




25 


480 




4.6 


0.7 


3 


3.1 


87.2 


0.7 


0.1 


87 


50 


30 


0.8 


0 


0.4 


1.7 


2.2 


923 


3.1 


0 








1 


0 


0.5 


0.7 


1.8 


94.7 


2.3 


0 


pABA 


so 


480 


0.6 


0.7 


0.5 


13 


2 


93.2 


2.4 


0 




so 


30 


0.7 


0 


0.8 


1.6 


2.1 


95.2 


0.2 


0.1 


94 


so 


300 


0.6 


0.9 


OA 


1.1 


1.9 


95,1 


0.4 


0 




so 


480 


np 


1.9 


0.9 


2.5 


1.9 


91 


0.8 


0.2 


87 


100 


30 


np 


0.1 


0.8 


0.5 


1.9 


93.2 


3.4 


0 


+ 


100 


300 


0.7 


0 


0>4 


03 


2 


9S.2 


2 


0 


pABA 


100 


480 


0-7 


0.7 


0.6 


03 


2 


94 


2.1 


0 




200 


30 


0.6 


0.2 


0.3 


OA 


2.1 


96 


0J2 


0.6 


86 


200 


240 


0.9 


0 


0.5 


02 


2.1 


933 


2.9 


0.7 




200 


4S0 


0.8 


0.6 


0.5 


03 


1.8 


963 


0 


03 



Np => analysis not peifainied, 
5 Td=11iiBmodlyiiandcpiodU0t(xd^ 
Kjzx =1viiicllc couqdexcs, 
Jjp =s lipophilic complexes. 



10 ir^vainplB Q? v.ffwt. of Ctosores. 

The efifeot of vial closure on zadiolabellingTvas studied for vatxous lyoifldlised kit 

fbrnxulatiozis* Lyopbilised kits pradocodiismg two differ 

gecouaiito te d according to Ibe mediodset out in Example 7. Di£6amces in RCP dnd 
radiolabelled nnpuiities were noted (see Table 5, wlucb «bOws the avet^g^ of 10 RCP 
IS deURfmiTiatioDs): 
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Table 5: Efiiaet of Qoam e m RCP. 



Lot 


FmntitiilLoii 


Closure 


Nap-ABA 
(jig/vial) 


Transieiits 
(mean of 10) 


%RCP 
(mean of 10) 


87* 


82/1 


1083 4023/50 
Gtev 


0 


7^ 


86^ 


94 


82/2 


1083 4023/50 
Grey 


50 


1.7 


94.9 


88* 


82/1 


PH701/45 
Red-lnown 


0 


3A 


923 


1 98 


S2/2 


PH701/45 
Red-brown 


50 


1.4 


»,8 



Heated at 90 fiir 10 inhBites m a liealBr block. 



Example 10: pil ^ of Lip o pWHc Teschnetiiini Conmleof Cftnltrnt ffii BiptfsttibffUan. 
ExpecimBots were earned out in nonnal male Wfotuxicats (bodyweJ^ 150-2SOg) and 
dissections peifonned at 1 hour post inHaveDOus iiqee^tm of '^^Tc-Con^oiind 3 
10 pt^arations. Bie latter were prqEwedfiom a lyophffisedMtf^^ 

Lot «S8 (see Example 6 for dettdls)» and were eiUier unheated, or heated for differcait 
tunes at 90 «KX and wjoled to ambient bcfitteadiniiiB HPU: aoaalysis using 

System H (Example 5) confiimed the difiering levels of lipophilic impurities shown in 
Td>]d6Cbdov)- Modistribotion data was caiailaled«»e«A preparation oi^^ 
IS i<«rta -inBiB Twpftited far eaA individoal animal and llie mean and standard deviatiqn of the 
gcQup of dsee. A sSngilB £actoT/onB way analyida of varianoe (ANOVA) test or aa 
unpaired, 2 tailed Student's Mest samples, unequal variance) was applied to Oris data 
uring a NJtosofk Excel 97 SR-2 spreadsheet pa<*cage. Results were deemed to be 
agnificanflydifEferesntifthiep value was less than 0.05. The lesults are given in Table 6: 
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Tabic 6: Mean % injet^bed dosd (with standard deviations) £xr pr^faratums heated fitr 
varioTis lenglfas of time (0-45 mins @ 90*Q. 



Preparation 


no heat 


lOmin 


45 nrni 


Hot #58) 


(13008) 


(13009) 


(13025) 


Lipophilic ooffiieDt 


3.1% 


5.4% 


7.8% 


Qrsan 


Mean 


SJD. 


Mean 


SJ>. 


Mean 


SJO. 


Animal weight 


204,05 


9.16 


212.02 


5.03 


201.72 


3.10 


Bone 


2.40 


0.18 


0.89 


0.20 


0.95 


0.07 


MusdLe 


2.71 


0.32 


2,87 


0.61 


3.62 


0.99 


Blood 


1.88 


0.15 


2.79 


0.45 


3.26 


0.29 


Kidneys 


1939 


3.19 


18.96 


0,93 


18.39 


1.02 


Bladder &Uritte 


63.07 


4.07 


58J22 


4.57 


51.04 


SJ20 


Luns 


0.16 


O.02 


0.17 


0.02 


0.21 


0.06 


Liver 


2JM 


0.09 


6.35 


0.34 


10.24 


0.54 


Spleen 


0.07 


0.01 


0.15 


0.02 


0.26 


0.07 


SttMuach 


0.17 


0.06 


035 


0.33 


0.46 


0.16 


SlLI&&eces 


2.64 


1.16 


4.04 


1.47 


6.15 


2.95 


Heart 


0.04 


0.00 


0.05 


0.01 


0.06 


0.01 


Thyxoid 


0.02 


0.00 


ao3 


0.01 


0.02 


0.00 


Carcass 


5-00 


0.96 


5-12 


2.04 


5.34 


2.51 


XogdctiOn SitO 


1.01 


0.40 


0.86 


0.46 


0.59 


0.01 



Esaxnple 11: lEffect of Weak Arid Salt cm linoiihaic Technetium Camplex Content and 
Bicdistrflmtion, 

The changes in biodistiibntion caused by ti^ addition of sodium acetate tdliydrate to Qxb 
10 jSMimilation w&re evaluated by the crao^arison of lyopbilised Mt lot numbers 58 and 65. 
Kit reconstitution and biodistributlOTL studies were thega earned out as for Exani^le 10. 
This data was analysed by use of anuiqoaared^ 2 tailed Student^s t-test. There was a 
sigoificanl detroase (p<0.05) in blood retention of radioactivity (2.95 to 2.12%) and also 
a significant decrease in liver associated tadioactivity (p<0J)5) fixan 6.10% to 2.S2%. 
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Table?; Mean % injected dose (with standard deviadons) for fismulatians wifli or 



(Preparation) 


58 
(15093) 


65 
(15160) 


FrkTTnijI&tion 


NoBcetatB 


With acetate 




3.1% 






Organ 


Mean 


S.D. 


Mean 


5.D. 


Animal weight 


179.2S 


4.86 


163.72 


12.31 


Bone 


0.98 


0.03 


n Tn 


0 02 




2.87 


0.03 


2.90 


0.17 


Blood 


2.95 


0.08 


2.12 


0.02 




18.52 


0.^^ 


21^7 


1.00 


Bladder & Urine 


61.66 


0.85 


61.23 


2.43 


Luna 


0.23 


0.01 


0.16 


0.04 


Uver 


6.10 


0.38 


2,82 


0.09 


SDleen 


0.16 


0.01 


0.07 


0.00 


Stomach 


0.16 


0.04 


0.39 


0.40 


SI. LI& faeces 


2.48 


0.43 


3.27 


1.50 


Heart 


0.06 


0.00 


0.06 


0.01 


Thyroid 


o.oa 


0.00 


0.03 


0.01 




3.81 


0.26 


4.90 


026 


iniecHon sil» 


0.73 


0.02 


0.62 


0.12 



S TR««»»n1e 12i Comngriroo of « =i«»t aiiiake In a. rmt model of venows thrombpeinboiism. 
FiepaiatiQaB with known variations in UpopUfic Tc ooon«>l«ces (Lots 58 and 65 - see 
Example 7) were studied. Ttaia, lata (jnale "Wishir, 2S0-350a) were anaesthetised with 
15% iuetliaB& After l^aioiDiny, flie vena cava was isolated and fteed. ofsonounding fet 
tissue. AplatinimiwiraClJtaDaxO.5nmi)wa8in8«rtBdintotheinferi0rvB^ 

10 nrinatea later 0>tml of ellagic add (li xlO"* M) was injected intravenously dwot^gh ti& 
femoral vdba to initiate dot fionnatioin. 60miinitesaater0.lnd(5(]iMB«ipBraiiinial)of 
dtlier lots 58 Of 65 Cprepared as per Bxan:«>le 7> were iijected vfa the same vein and aSer 
a finte 60 minutes flie animals were saorifiuwd and to dot 

counted. Other tissues e.g. blood, Iraig. heart, were also dissected and coiimted^ Hie 
IS iq)tateoftracerintotoclotwasd«teiniineda8tordadve«mcc^^ 

1iydo5e/gammaX)anddottobBckgFOund1issiw. The average weighl of the dots ftwnifid 
in this model was around 27nkg> nH32» (S-50mg range). 

The relative coocenuation of tadioaotiviiy in die clot was 8.01 (tt=»4, SD-3.33) fer Lot 58 
and 7.49 (ir-4. SI>»1.84) tar Lot 65. 
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CLAIMS, 



1. 

5 



10 



15 



20 



A tedmetium complex conq^ositiDn which oompiises a metal complex otHie 
radioisotope "^c with a ligand of fommla (I): 



eaohR^aiidR^isi&depeiicteix^ . 

X is 94ni, 99 ox 99m; 

Yis-{A)a-Z 

^roliere: Z is a Inologpical targetizLg moiety of molecular weight less 
tima 5,000; 

-(A}n'- is a linker gcot^ when eadi Aid indepeadaoily 
-CRa- , -CR=CR- , - CsO , -CRaCOj- » -CCfeCRa- * -NRCO- . 
-CONR- , -NR(00>NR'> ^NR<:<>=S)NR-, -SOaNR- . -NRSQr , 
-CR2OCR3- , -CR2SCR2r , -CRaJMRC3la- , aCU-ft 
cycloli0te£oa]k)lexi6 group, a C4-8 cycloalksdeiie groiq)» a Cs.12 
acyieiie group, or a C3.U heteroaEylene grcnq» or a 
polyalk^eneglycQ], polytoctic acid or polyglycolic airid moiety, 
n is an integer of value 0 to 10; 
each R group is indepeofteatly H ox Q.io allQi, C^iq allo/laryl, C2.10 
alkoxyalkyU Ci.iohydroxyalkyl, Cuiofhutfoalk^ or2 ormoieKgvoiq^s, 
togedier wilt <he atoms to which they are atcadied fitem a catbocyclip,. 
h^erocycUc^ saturated or unsaturated ring; 
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wheoreinless thaix 5 % cif the "Tc present in the technetium complex composxtim 
comprises lipophilic conq^lexes. 

The technetium con^lex conqsositiQai of daim 1 , wherein less than 3 % of the '^c 
piesml in the tecfanfitium conqslex coiiq)o$iliQXi comprises lipopihilic 
complexes. 



3, The tpffh" ^"*" complex oonqi o silion of claims 1 or 2, finther characterised in 
lhat Ie» than less flian 10 % of tifaLeTcinresent in Aetechnelimn coaspleK 
10 co!nyK>sition comprises transaent ^c comfdeaces. 



4. The tednetumi complex conqposition of claims 1 to 3, further characterised in 
that less dian S % of the "Tc present ul the tecimetmm ccmxplfiK composfdon 
Gonqiriss transient ^c complexes. 

15 

5. The tectmetiimx complex cciizQ>ositi0n of claims 1 tD4y viierexis99m. 

6. The tecfanetium. complex conQtositiQii of claims I to -where Z is apeptide of 3 
to 20 amino acids. 

20 

7. Ihe technelaum complex con^osition of claim 6p wherein the pe|idde of 3 to 20 
amino acids is a fiagment of c2-aritiplBsmin, 

8. The technetiam complex composition of clmm 7, wheidLn die fiagment of a2- 
25 antiplasmin compxise^ the tetrapeptide Asn-GIn-GhirGln. 

9. The technetium complex compo^on of claims 1 to 8, wherein Y is 
-CBbCBt-NR-CAVZ, where m is an integer of vilue 0 to 5. 

30 10. The technetium complex QClJx^>o5itioIl of claims I to 9, where each.R* is 

independenfly Cw alkyl. Ca^alkoxyaUcyi, Ci^hydroxyaDsy], or C«fhiaroalkyl. 
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1 1, The technetium complex compositioa of claims 1 to 10, wfaeie the ligand is of 
Fomnila(II): 




OH O" 

(TO 

5 wfaore: each R' is independently C1-3 aDsyi or Ct -3 fluoroaBkyl; and 

p is am integer of value 0 to 3. 

12. The technetium coxoplex con^ositkm of claim 11, wheirB tfi,e gEOvps are all 
CH3. 

10 

13. The technetiimi compleTC compositioix of daim 12, T9h«9 (A)p is -CONR- or 
-NRCO-. 

14. Tlie technetium coiogplex compositioni of daima 1 to 13, which fbxihar coxxiprises a 
15 radiopxotectaziL 

15. Hie t«dhnetium conqilex composittoii of claim 14, where the ladiopioteciant is 
pora-aminobeozoic add or ahkjcoxDpatible salt thereof. 



20 



16. A radiopharmaceutical which Qaiig>ii&es the technetiam complex compositfoa of 
claims 1 to 15 in a form auitable £31 mammalian administration. 
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17, A kit for the preparation of the radios of daun 16, which 

coDopnses: 

(i) fibie ligand ofFomnda (I) of claim 1; 
5 CO ^ biocoiiq>atible redudng ageait, 

QSi) a salt of a weak organic acid with a biocoTDpatible cadon. 

18- The kit of claim 17, whereiiilfas ligand is as defined in Claims 6 to 13, 

10 19. Theldt of claim I7»wHchfin1herccai^^ 

20. The kit of claims 17 to 19, wherein ihe bioccnmpatible redttdng agent comprises 
stannous, 

15 21. The kit of ckums 17 to 20, wherein 4.e weak organic acid is acetic acid, citric 
acid, tartaric add, ghiccmo add, g^ncoheptonic add, benzoic acid, aphenol or a 
phosphonic add. 



20 



25 



22. The kit of claims 17 to 21, which fbrther compdses a ladioprotectant. 

23. The kit of daim 22, wherein the radioprotectant is jwzra-aminobcnzoic add or a 
biocompatible salt thereof. 

24. The kit of daims 17 to 23, which is lyophilised. 

25. A mefliod of diagnostic imaging of tfironibi using the radiophamiacciilical of 
claim 1 6, wherein the technetium coinplex compositLon is as defined in claims 7 
or 8. 
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ABSTRACT. 



5 The present inveotion relates to imiooved xadiometal ccunplox compositions of azBr 
diaimiiedu>ximB Ugands^ togedier with ladiophannaceutical prepa r ati ons contaiiiiog theoo^ 
andMtsibr&epvepacationofthexadiophei^ The teclinetiuxn metal 

conq»lexation chemistry of aza-diazximedioxirae-targetmg molecule chelator cozqngates is 
ahoTOi to ^ve rise to a midtiplici<y of toQhnetuim speeies. The preset mvenlion provides 
10 an impzaved aza-diamiiiedioxinie conjugate technetium metal coxnplex conqiositiaai in 
which the presence of the less desirable technetium species is suppressed. 



IPQ508B2 25recgfexQ.g. tit^^ 
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% "^c-lgjophiBc spscics by HPIXI 
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Figure 2: HPT jH trace fSvstem m of A? ra-d^g»mm^tniritiie ComoleK PiPepfflariQii 
f fommlatiaa 82/4>, 

Kg 2A (Pull scale) 
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Fig. 2B (eKpanded scale) 
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Figure 3: Comparison of HFLC S y^e^fj TT a md J for Analysis of ^^c-Labelled 
ConiDQiind 3. Lot Sgy. 

Fig. 3A (System J) 
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Fig. 3B (System H) 



100-1 



/ 



'1 

— \ 



L 



20 



II 

■ r 

w 



1 1 



—I 

40 



io 



PCT Application 

;B0304573 



